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(57) Abstract 

A diode circuit for monolithic integrated circuits which has negligible leakage to the substrate is made so that con- 
ventional diffusion techniques for producing integrated circuits can be used. The diode cathode (18, 23) is formed m the 
epitaxial n-collector layer (15) of the circuit, while the anode is a p+ bottom layer (13) situated under this collector layer 
and produced simultaneously with the lower portion of the isolation diffusion (14). The cathode region (23) is defined by a 
rins (17) of the same conduction type as the bottom layer (13) and makes contact therewith. Under the bottom layer (13) 
there is an n + -type buried sub-collector layer (12) provided with a contact djfTusjo^Qg)^^ 
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DIODE FOR MONOLITHIC INTEGRATED CIRCUIT 
TECHNICAL FIELD 

The present invention relates to a semiconductor diode particularly suited for 
use in electronic circuits of the monolithic type, driven by voltages above the 
emitter-base breakdown voltages of normal transistors, i e about 7 V. 

BACKGROUND ART 

In the prior art, one of the transistors p-n junctions is used when a diode 
5 element is desired in monolithic integrated circuits, 

A p-type substrate is the starting point in the manufacture of circuits containing 
an n-p-n transistor. A heavily n-doped region is diffused into the substrate, the 
so-called "buried layer", which is provided to reduce the resistance of the 
collector. An n-doped collector layer is then grown epitaxially. An annular 

10 heavily p-doped region has been allowed to diffuse right down to the substrate. • 
By putting the substrate, and thereby the annular p-region as well, on the lowest 
potential of the circuit, the transistor will be in a region which is isolated from 
the remaining part of the circuit. After the isolation diffusion there is a 
diffusion of p-dopants, so that the base is formed, after which the emitter region 

15 and the collector contact region are simultaneously diffused in- Metallized 
contacts are finally applied to base, emitter and collector. 

Both the base-emitter junction and the base-collector junction can be used to 
obtain a diode. The former has a breakdown voltage of about 7 V however, and 
for. higher voltages one is therefore required to use the base-collector junction, 

20 the base region becoming anode and the collector region becoming cathode. 
There is simultaneously obtained a parasite transistor, the emitter and base of 
which are common with the diode's anode and cathode, and the collector of 
which is formed by the substrate. When the diode is biassed in the conductive 
direction, the transistor will also be open and lead current to the substrate. 

25 Without the n region, fry^ can be 1 or greater, so that more than half of the 
diode current can be led off to the substrate. With its heavy doping, the buried 
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layer will increase the recombination of the charge carriers which diffuse down 
towards the substrate and thereby reduce the substrate current. A further 
reduction is obtained by allowing the collector contact region to form a ring 
round the anode region. In the same way, this ring then counteracts the current 
5 reaching the isolation region. 

* 

Attempts to further reduce the substrate current are accounted for in the 
published Swedish patent applications 77070688 and 7707251-0. The former 
discloses utilization of the condition that the efficiency of the emitter of the 
parasite transistor can be deteriorated by connecting together the n-p-n 
10 transistor's emitter with the diode's anode. The latter application also deals with 
growing a p-doped zone round the anode. 

The isolation region takes up considerable space in transistors intended for high 
voltages. The thickness of the epitaxial layer must namely be increased for 
increased voltage, to provide room for the deeper depletion region for the 

15 collector-base junction of the transistors. When the isolation region must thus be 
diffused further down, the region will require greater space due to the 
simultaneous lateral diffusion. It is known to reduce this space by a technique- 
where, before putting down the epitaxial layer, there are deposited dopants of 
the same kind as those used in the isolation diffusion under the regions where the 

20 isolation diffusion will take place later on. By allowing these dopants to diffuse 
up into the epitaxial layer, an isolation region of less extent is obtained together 
with the isolation region diffused from above. 

In transistors for higher voltages, it is also known to lower the collector's 
resistance by allowing the collector's heavily-doped contact region to extend 
25 down to the buried layer. 

DISCLOSURE OF INVENTION 

The utilization of all the above-mentioned measures can reduce the substrate 
current to about 5% of the diode current. Even this reduced substrate current 
gives rise to problems in circuits for higher voltages, due to the power loss it 
causes when the diode Is close to the positive potential of the circuit. 
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For example, with a diode current of 500 mA in the conductive direction, 5% 
substrate leakage current means an extra power loss of 1 Watt when the diode is 
at about 40 V above the substrate potential. This power loss is of the same order 
of magnitude as the power loss obtained for a given circuit and therefore is a 
5 clear limitation of the loading capacity thereof. 

In accordance with the invention it is possible to reduce the substrate leakage 
current to entirely negligible values. This is achieved with a diode which is 
formed in the mode apparent from the appended claim. 

BRIEF DESCRIPTION OF DRAWINGS 

Figure 1 illustrates in section, and Figure 2 in a plan view, the principle for a 
10 monolithic integrated diode implemented in accordance with the invention. 
Figure 3 illustrates a detail of an integrated circuit with a diode in accordance 
with the invention. 

MODE FOR CARRYING OUT THE INVENTION 

In the figures, the numeral 11 denotes a p-type silicon semiconductor substrate 
provided with a first n-type buried layer forming a heavily n + -doped region 12. 

15 Over the buried layer 12 there is a second p-type bottom diffusion 13 as well as 
a lower outer p-type isolation ring 14. There is an epitaxial n layer 15 grown on 
the substrate. An upper, outer isolation ring 16 which reaches down to the lower 
isolation ring 14 and an inner ring 17, which reaches down to the bottom 
diffusion 13 are diffused into this layer. The ring 17 and bottom diffusion 13 

20 constitute the diode anode. All of these regions are of the p + type. In the n 
region 23, forming the diode cathode, there is an n + -cohtact diffusion 18. An n 
diffusion 19 connects the buried layer 12 with the surface of the semiconductor 
wafer where it is provided with a contact 20, which is connected to the contact 
21 on the anode terminal. Thy; terminal has the task of giving the region 12 a 

25 defined potential, since the p-n junction 13-12 can be biassed so that current can 
flow to the substrate at rapid current variations when the diode changes from a 
conductive to a non-conductive state. 

The reason for the region 26 being diffused right down to the region 21 is that a 
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low-resistance current path is required down to this region. A major portion of 
the diode current in the forward direction will take this path as the layer 12 acts 
as collector in the transistor formed by the layers 12, 13 (base) and 23 (emitter). 
If the series resistance in the circuit down to the lower diffusion is large, there 
5 is the risk that the junction between the n + layer 12 and the p* layer 13 will be 
given a bias in the reverse direction, whereby current leakage can take place to 
the substrate- On the other hand, if the layers 12 and 13 are kept at practically 
the same potential, the leakage is negligible, apart from a very small current in 
the reverse direction. 

10 As an example of a diode in accordance with the invention, a circuit intended for 
operation at 40 V has been manufactured. The epitaxial layer 15 had a resistivity 
of 3 ohm cms and was 16 ^um thick. The p + diffusion 13 was about 8 ^um thick 
and the distance between this region and the cathode contact region 18 was 5 
yum. When a current of 500 mA passed the diode in the conductive direction a 

15 • substrate current of less than 1 yumA was measured. The power loss of the 
circuit was otherwise under 0,5 W, the increment from the substrate leakage 
current thus being completely negligible. This may be compared with the best 
diodes of the known art, where the substrate leakage current attains about 5% of 
the diode current. If the diode is -at 40 V above the substrate potential, this 

20 means a power loss of about 1 W, i e double the power loss for the diode circuit 
itself. 

The diode in accordance with the invention can be completely manufactured 
according to the techniques used for manufacturing transistors intended for high 
voltage in Integrated circuits. This will be seen from Figure 3, illustrating a 

25 diode in accordance with the invention and a transistor T, both in the same 
substrate 11. The transistor T has its collector layer 33 in the epitaxial layer 33. 
Under the layer 33 there is an n + -type sub-collector layer which is connected to 
the collector contact C via the n + diffusion. The" base layer 31 and emitter layer 
38 are diffused conventionally into the collector layer. The transistor Isolation 

30 diffusion 36 is produced in two steps in the same manner as is illustrated for the 
diode in Figure 2. 



The following diffusion steps are used in manufacture: 
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1. Growing dopants for the n + regions 12 and 32. 

2. Diffusion of the dopants according to item 1. 

3. Growing dopants for the p + regions 13, 14 and 34. 

4. Application of the epitaxial n-doped layer 15- 

5. Growing the dopants for the p + regions 16, 17 and 36. 

6. Growing the dopants to the n + regions 19 and 39. 

7. Diffusion of the dopants grown according to items 5 and 6. 

8. Growing dopant on to the p-doped base region 31 in the transistor. 

9. Diffusion of the dopant according to item 8. 

ID. Growing dopants for the cathode contactor region 18 and the emitter 
11. Diffusion of the regions according to item 10. 

These steps are entirely conventional and are described in the prior art. 
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. 6 

CLAIM 

1 A semiconductor diode intended for incorporation in integrated circuits also 
including transistors and formed in a substrate (11) of a first conduction type (p) 
provided with a heavily- doped buried layer (12) of the second conduction type (n) 
and an epitaxial layer (15) lying thereabove of the second conduction type (n) in 
5 which one layer (23) of the diode is formed and to which a contact (22) is 
connected to constitute one pole (K) of the diode, 

characterized by a second heavily-doped bottom diffusion (13) of the first 
conduction type (p) situated immediately above the buried layer (12), an annular 
heavily-doped region (17) of the second conduction type (p) surrounding one layer 
10 (23) of the diode and making contact with the second bottom diffusion (13) and 
by a heavily-doped contact diffusion (19) of the second conduction type (n) 
making contact with said buried layer (12), connections (20, 21) to the annular 
region (17) and the contact diffusion (19) being connected together to constitute 
the second pole (A) of the diode. 
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